WGIFE Newsleter 
April 2010 Edition 

redentJn Oppen KIL 705 Ninth S Rives, CA 92501951 281207 ja open baigcom, 

‘ice Pride Doug Mil, KEJEY 2791 Car Ave Lng Bech CA SO005 562-424-177 daemon et 

Recring Soe Lary loknton KEL 1611 E Valet Lancaster CA 93535 G6 264120 kebab et 

(Cneponing So el Fo Ka 10245 White Rood Phelan CA 92971 909-994-222 lta Veron et 

“rere Dsl Koll, KOI! 26535 Community Bast, CA 2311760253247 a@evetorone ort 

tor il Bars, WAGQR 207 Reel Ra Rigeret, CA 93555 760758555 bounaGidgerestcas 

‘Webnews WASCER GH pion Bs Wingo, CA SO 10077 16 aroha 

fallen et 

‘WGIFE Lice Tate Ed Mann, WOYS 6255 Ralf De San Diego CA 9212 58-53-56 

‘weapon 


neath Te ss sent the Aen Li 1 Na She thf i es) 


Election of new SBMS officers will take place 
at the 1 April meeting!!! 


[REMINDER- NO PARKING IN THE CHURCH LOT 


Last mesg. Tony, KCQHP geo opera boo wide rng faces spat th contin of 247 

GGiseni,tnclaling: EDM nuchnig, king wavepie sviches ceded eran far TR switching 

Sings tale ep ha, acai a adage ars (eas we bonding wie usu chi, cose sc) 
sing gh crs wah Ni, nd om ric Cc Tak sth ay 

tase week 1 gave a talk on my 47 Giz raaio project at che March necting 

Mere are sone Links if you are interested in more details. 


icing saw project (4 part article) 
https? /mightyohn.con/bhog/2009/67/tonys-dianond-chop-say-part-1/ 


hot Plate Project 
Netp://wua Instructables con/id/Weated stage for thermosonic Wedge Bonding/ 


Pictures of my progress on the radio: 
httpi//ami flickr 2om/ photos /kcbah/ set s/72357620058487262/ 
Tony ROSH 
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Threads 
‘The Worth American Kicrowave Activity column for OUBUS is due shortly. If you 
now of any interesting 1 tiz » activities, @s0's, projects, etc. Please 
contact me directly. wasvjbOflash.net 


Phase Noise 
lweizNs/a"s entire Phase noise presentation is now available at: 
Netp:/ we wasvjb con/references hen 

Notes Hie Tew EG TIE —-ADSUETE Meg. Kent WASVIE 


‘an alternate choice for a Lo (Local oscillator) frequency say be 1,199.000 mz 
for-an IF of: 5,040.0 - "5(2,139.0) = 145.0 mz ( RF-LO = IF), 

Synthesizer Lo freq is multiplied 9 tines to" get to the final LO freq 

lihy2 this frequency in a Ai2" synthesized LO module will have a lover phase noise 
than 1130.2. mez 

Lower phase noise is good, or at least better than higher phase noise 

Ifyou have @ choice, avoid non integer ( fractional) frequencies fron 
Synthesizer 

With the RF specified at 5,840.00 wiz, any drift down due to the harsh space 
‘Shvironnent may put the frequency below the 2M band starting at 244-00 Mhz, Even 
hough Rx only, Sone RX may not tune to be able to handle reqs « 264.00 Miz. ( 
‘void band edges) with an IF of 145.0.MM2, I should be able to cune lover within 
the 24 band, Hore ron £0 play 

‘Ihe doppler frequency shift would also be lover for the spacecraft going anay 
Tron the observer 


With the very low data rates and significant path losses, 1 would need the best 
‘Sin'with a very low RF noise figure, low as possible LO phase noise, and the 
best frequency stability possible for the signaticant, potential, processing 
Gains of 0se. 

iy trade off is having the frequency accuracy/stability with an externally 
Faferenced LO synthesizer, vs, the increased phase noise, compared to's xtal 
oscillator: 

After the orbital phase, 1 would expect the doppler freq shifting to be more 


With Paul's transverter design with pipe cap filters, the & freq change is 
Seal 

5760 > sao ~1.4% change, the filters my be capable of being tuned to both 
fregs or at least can Be’ retuned to the satellite trea 

‘another thought with the A32 synthesizer is to be able to have 3 different Lo 
frequencies, switch selectable, in a single transverter, Wiek2, DEME, ete 


fet freq = 1,299.0 for the RF of 5840.0 wiz, IF of 145.0 iz, satellite At only, 
‘2 freq = 1142910 tte for the RE of S760.0/and an Ir of 145/wi terrestrial RX 
‘and. Te WGA Freq'= 1,408.6 fas for the RF ef 5,068.0 and an IF of 144.0, TX only 
Satellite nodes 

(CTian' less concerned about phase noise on TX.) #28 freq avoiding the band 
‘edge issues, nay be more critical with anateur 2H transceivers on TX 

‘freq = 1,104.6 M2 for the RF of 5,668 NZ and a IF of 145.0 M2 


‘There is noting aagic about @ 2M, 7eca, 722 Wz, or 1296 mhz IF 
Plan for the equipment you have’ on hand 
12H TF transceiver 1s very popular for the microwave bands: 


For planning purposes only, no 5,640 Mz downlink nor 5,658 Mi uplink 
Satellites are available today 


‘Stan, WILE cape Cod 


Zack widup wrote: 
‘this would be SO easy to do with the WiGNZ S760 transverter. Just 
Te-tune the pipe cap filters, i'm sure the frequency 12. close enough 
fo S7ee that’ the ratrace mixers wouldn't require euning 


4n this case, for a 444 Mz TF, the LO would be 1129.200, 


‘Thanks Jerry. That, answers a lot of my questions. 1 ayself am mainly interested 
Inthe typical weakssignal transverter with cw in the 15 £0 
25 WH range and the TF rig having a bandwidth of 490 Wz or narrower: 


Interesting that you found the KO602H circuit among the best in your paper. That 
is'the circuit I have employed in ny transverters an 10 Giz and below. Phase 
noise hasn't been a problem there with that circuit 

Tim Just looking’ ahead to uhen 1 Will probably have things put together for 47 
and 78 2. I've gathered that phase noise is aore of a concern there. 

Garry KSsIw/ uses a OFS circuit for 47 Ghz similar to the one WALZNS uses in 
his mmewave equipmenc. I know WAIZMS spent alot of money on the custon low 
phase noise Oov0rs used to make nis record-breaking QS0's. 

E guess T have some reading to do 


fon wad, Jan 27, 2020 at 2:22 PH, Or. Gerald N. Johnson <geraldj@veather .net> 
‘On ed, 2010-01-27 at 11:47 -0600, zack Kioup wrote: 

S"r'have becone increasingly interested in this subject. T have a Lot 

> of questions about it. Raybe someone nore knowedgeabie_ than me can 

> Go a presentation on this sone day. 1 think Erian WAiz4S'and Jerry 

> Kocg Know quite a Bit about it, 


1 did a paper presentation at }U0 2008 on a survey of sone of the 
available escillators. My version of the presentation with what T 
thank-T said and sone cases what Z'wish I'd ssid is a0 
hep: /uoy. gerald} networkioua.con/papers/KeCO200aMUD. pat T¢s much 
Tanger than what was praneed 
‘nat T wonder, mainly. i how the various sources of signals for Lo's 
Fank for phase noise, For instance, how good. can a phase-locked 
Crystal LO be made in regards to phase noise? What about the 
Feterence oscillator? Ts'a free running 0x0 better than a GPS 
fisciplined ocxo when considering phase noise? Are these better or 
worse’ than a rubigium standard? Wnat about a direct-frequency 
Synthesis source derived trom an"OcX0 instead of a phase-locked crystal 

ostillator? 


Phase locking a crystal can degrade the phase noise fron the digital 
land reference noise of the phase locked Loop. Tt probably won't 

Smprove the phase noise ever because the good crystal aseallator 4s 

really good. And it won't be better than the reference oscillator 
multiplied co the output frequency. A fundanental of PLL that T 

earned by experinent in the Tes 12 thatthe phase noise of the result 
4Se'see by the phase noise of the VeO. A PLL may reduce the phase noise 
within the loop bandwidth, but not outside of the loop bandwdth, 

Figure i this ray, the Veo voltage is corrected only at each cycle of 
‘comparison at the phase detector then that's low pass filtered to keep 

tout the noise of the digital process, so for tine intervals longer 

than the phase detector period the véo gets to random walk, If ats 

Good its hoise is small, af its bad it runs Like a wild dog Just unleashed. 


‘A disciplined 0010 18 a different animal because the loop 4s frequency 
Control and. the 1a0p bandwidth 1s very narrou. iz or fraction of M2, 
hot 40s or 00s of kuz. A disciplined OCX0 can be practically as good 
fn phase noise as a free running OCX0. And the family of OCKO can have 
| lot of variation, depending on the quality of the oscillator and the 
Tock. The smaller the crystal the poorer the phase noise T think. The 
etter the polish and parallelisn of the crystal the better the phase 
heise and stability. cheap rocks can be noisy. 


‘he best crystal oscillators use a sutler or Driscoll oscillator 
Circuit, at least those thet admit the circuit. Driscoll clains to be 
better than Gutler. Most hem gear today uses sone form of a Gutler 
Circuit, ‘the two transistor eutler T think is better, These circuits 
Separate gain fron gain liniting and minimize the resistance in series 
fith the erystal that would lower ies loaded g. Wenzel makes superb, 
bseiLlators and doesn't. show ehe oscillator circuit. The major 
Contribueions to erystal oscillator phase noise cone trom active 

device flicker or 4/f noise and circuit degradation of the resonator Q 
‘rom loading. For that a low noise bipolar transistor tends to give 
better phase noise than a JFET or MOSFET becalise the 1/f noise 

Spectrum 42. stranger and wider in the FETs. 1 just saw an article by 
Ulrich Rohde, oeteber or Novenber 2909 Mlerowave Journal (should be 
findable on Line on the Microwave lournal. web page) where he Liked 

Sice transistors for coupled cavity oscillators an the 2 to.6 Gl 

Tange. And. showed sone really good phase noise nunbers. sice 
transistors haven't. seen mich han use being overshadowed by microwave 
Gaks FETs for long noise RF stages, but the FET low frequency noise 4s, 
hot the best for gsciliators, aut for RF stages Fete tend co nave 

‘ower noise and’a much better dynamic range than any bipolar transistors. 


Since the rubidiun Line is not a simple multiple of 10 iz there is @ 
Synthesizer in the rubidium standard’ that contributes phase nodse 
Exsentially it uses’a 10 Miz crystal disciplined by the syathesizer 
land the rubidiue Line. The quality depends greatly on that 20." 
Oscillator but is affected by the rest of the box 


1 think che direct frequency synthesis oscillator will produce lover 
phase noise than a PLL on « crystal oscillator. You still get. the 20 

{log'n (ere nis the multiplication factor of division factor) 

increases and decreases in phase noise in the DFS and then Sone 

because multipliers, dividers, and mixers add Sone of their oun phase noise. 
Cietle things like @ wandering threshold trigger level ina digital 

fiivider chain. Sone spurs shou up because divading by an_odd nunber 

feana the drive for the next miner can't start wien a symetrical. sine 

ave, I'd advocate that all divisions in the BFS should end with @ 

‘ivide by 2 stage to make © Symnetrical square wave. T think che OFS 

{that ends with a crystal filter should have the best phase noise 

because of the filtering effect of the narrow erystal filter that's 

false. cleaning up spurs while it can be narrowing the phase noise 

Spectrum within the Linits of the phase noise of the erystals 

thenselves, That's an area that needs nore work 


In the PLL, you have the phase noise from the VOIO, the phase noise 
from’ the dividers, the Lack of control between phase detector cycles 
(and then sone due to the required low pass filter), and you still 

have the’ 20° log W multiplication factor’ trom the reference. They all add 


‘are sone chips better to use for phase locking than others? For 
instance, I've been told that the Mcisise and MCLASITO Series of PLL 
chips are pretey good but the KEISGI's are poor” 


1 ot has to depend on the phase noise introduced by the dividers and 
‘the phase detector and haw low a frequency you have to divide to for 

{he phase detector. and then chip layout and ground bounce on the chip 

has Eo hurt. and be dependent on the Tundanental. chip design. 1 

specially dislike a PLL with the VOD an the digital package. First 

the VCO tends to not have @ high @ resonator (in the Old days it was 

Re and especially noisy), then there's the clase stray couplings fron 
Ground bounce and Being very close to rapid rises of digital 

Elreuttry. To make things worse that. VOO often has. a wide tuning range 

So that Microvoits on the tuning Line mean Ki of frequency change. So 
hoise on the tuning Line adds phase noise, The shot noise. ina high 

Value fesistor sas responsible’ for mich of the phase noise of the 

Te-212 which historically has been docusented as the hem rig for 29 with the 
featest phase noise. 

‘Changing’ that serdes resistor to a RF choke gives che sane RF 

Asolation (or better) and takes out wost of the resistor shot noise. 
(Sonetines' called sohason noise) 


im sure this is a rather complicated subject but I'd guess that 
Generally certain types of LO references are better than others. 


‘he best LO today start with a 19 Wiz range oscillator for stability. 
es Just a fundamental phenovena that Focks in chat range with & good 
oscillator eireult have’ the Dest ediun and Long term frequency 
Stability. Overtone's mz crystals the size of @ 6146 were the best 
@scillators 40 or 50 years ago. The cut of the crystal has a big, 
fffect, the best s2'Se cut like in the Hp 36051 GGx0, BUE when 


multiplied to 100 mz the phase noise is greater than that of a 100 
fia crystal oscillator. so the best microwave sources Use the 10° Miz 
Standeta to discipline the 100 Wa oscillator in away” (narrow Loop 
Bandutdth) to not ancresse the phase noise of the 100 Miz oscillator: 
Or to Look at in another way, the 100 Wiz oscillator uses the crystal 
Geueceivity and regeneration co filver phase noise multiplied up from 
the 40 M2 reference. Then a dielectric puck oscillator at 30 Giz (or 
2'or uhatever microwave frequency 1s wanted) does the same thing 
at's what the best comercial dscillator modules do toaay. T 
Fenenber Kent using a ORO st S760 long ago for SS® transvercer 
Because its long term stability uas poor he had to tune constantly but 
the received sigoal didn't seen to be degraded by phase noise. With 

iseiplining it can work vel] 


‘The fundanental question on how much phase noise is too much is stil 
Unanswered. When there are strong adjacent spectrum signals reciprocal 

fsicing predominates the receiver affects (to say nathing of the phase 

hoise: spectra of those signals). in the prastine very rural hill top 
Gnvironment.(nayoe only seen in the shielded roca!) phase noise also 

Sets the Mos from essentially reciprocal ming of the RF stage and 

fntenna broad band noise. WiGiz has found he PLL 10 Giz transverter 
Se's"couple de poorer at MOS in the field than the vintage crystal 

dsciLiator based transverter. That PLL has a broad phase noise 

Spectrum trying to\elean up a noisy Vco with the loop giving a flat 

Spectrum Wiz ide where the erystal oscillator (though less convenient 

for frequency agility) has the typical 1/f spectrun. The PLL spectrum has much 
noise power for mixing unwanted or antenna noise to the IF frequency. 


plan to make experinents on the bench with adjustable phase noise 
sources and very low noise RF stages. T've built all the pieces but 
fot put then together” sow T'm inthe midst of moving and that's. going 
‘low from laziness; work, and winter weather. Someday perhaps 1'LT get 
the experiments calibrated, accomplished and reported. 

73, serry, KOCQ 
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San Bernardino Microwave Society 2GHz and Up Club Contest for 
2010 


Inthe pi of imag acy the microwave ans te San Bemurline Microw Society (SBMS) 
‘omsting 42 Gite and Up Cha Cane 
orth year, the 2810 contest period rans from 6 a.m. Saturday May 1 to pum. Sunday May 2 local 
‘ia cb comptin nich etal hc ae ther eb se ae 
ioe raps of arses (Ct) work may amateur saosin my leet aioe as pose in he 
Fis wechnd i My The weekend begs at lS though 8 pa. Sy. 
Siccturte Maidenhead Locator example DMD (ce Api 1986 QS, p86 
Sentech Saget an 
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